jS* (S) 

ojTijJ < processor ^UU :aJIxS\ J\ aoIU j*> LJ\ Jx. JiLio H 

Jib J/O unit oU-ysMj cAU-aU Sj^j <main memory 

.system bus 



Ola^Jaxil 4 joIL\ Cjb jSbL\ (jy_ l la* .u^ J^JlaA j»Uai J^Jxa 

.j>A»A— ulj Aj 



.Ik 



ai atjl jr bootstrap ^a^J 1 ^=bjJb lu 

.hard disk < r Xd\ jay^ kernel 



j*" 3* JjjijcJ \ jUb^>-l O^lscJ ^1 a 1 \ JuOAj 

jj^oj 4-JUl 4 -cIjcJ 1 ^ 

JuOAj 

^ 1*1 \ ^yo 13 ^ 3 Cj\*\j>-\ <~h+«oi 

^3 iA-l** C OW-^Mj (J4J ^JuoliLO 



0_k> 



Ai>tA) ^1*1 \ JuOa> jju interrupts 

Aaaao) 3j^>j 3 * a^ojjt 6 o 1 oljLil) 3^^ event 

.(trap Ua>- y system call ick; 



. l^XflJ^C* ^ ^ L o^L\J\ AC^*aj i*_^. 



ol»& 



S^ljj\ lo^iLo jl 4-JUl JjL*u^]\ 3* (3^. 

.<jjA\ ^Jo6‘ tcache 




C ^yO (J? \i 

a 5U*-1 t3^5* r 'il '^j^yCS' . oU>-l*U ^Jju 

yia <2 j\^*jj\&- .mainframes ci^L^oW- 

.microcomputers Jw^\ aj&I^u oL~«U < minicomputers 



Oljo-j cPC aJ j\ ‘Ly?^ 1 '.jk*?\\ 4^JsUlo J 



■iL^uli-1 



^ (3 

servers objj* < workstations 




^ ( T ) 



Oi; AX*^C I ^ ^ ^ S^\ r Ui 

Aj5**^ ^AiZJ C^*^vv^0\ ^ Ax5jIAu*0 <4j^X\ OljjSAj 

• ^ Ai^* *■> A*«lp Lzj 

aS^La^U c \»/2t/2^- lAj^^ ^ ^JU j ^ ^JAlAxJI 

^a3 3 -° AAIx) ^P ^A^eX— < j\ ^ aI^Aa]^ 

^P^3 C ^ J^eX-*-wi* 1^ J^LAaI L*3^0 C ^J^A^eX*^!* 1^ 

.^AAeXa-ull ^o\j\S A*slpli> ^yjg) ol^l^l t OULoJtlS 

^JmOJU ^J\i\j ^°. \c? A|p^xU A*sP^ji\ j>iixJ\ j-y£?ljjJl Ap j>llaJl lASIx 
. j>llaxiS ,^jlo e3A& jl <OA^- aAA^j ^ 3 ^ AAu oAs>-\j oA£>-^ 

j*llaj ^ A^J^^ ^O C U^L)^^ <aA$j cA^oulx* JAu£o a!IxJ& 



. Asa 



t AXAU» \ o^5** AjoILI I ^JAuXxJ 1 ^ llA ^J^xAO 

,^AAsX*-u 11 AjjW ^ aJV o.Aap1 

.ol^lil :aM ourai) ^lli} AAI^aAo ^p 4.^0 

. JAuAjJI A*n*A?J AoIAj c JwJuioJl AASjj^O 



oIcJju ^ J mode bit ' A^JLyb^ll AA> ^Jp ACA* JAlAujJI A**A?J AAIA A*J \ 

AA^ lilj C JAlAjJ\ j*liaj A^3Ly£?j ^ AA^ 0 AA^ liU C^l*i»\ 

.^AAeX«-ull A*OlAj AA^ 1 

A^JLyb^l AaU.Aj^ O^xSl A^JLybjJ A^xA^\j j>liAJl A^JLybj 




5oLo Aji lio C->j-Xs>- JwJuio *Jo JJ*P 4«oLyb^ll C-o Jjjo 



0^ C*>b> jo JyobcG ^ 

.oULUU jj^> j^\ y*j System Call 

c ^ J^«o ^ IjS^o cC-3^1 ^Lt^Asb ^His A*sP jj 

•lA^' f' 

C««3j^a (^jlilo) oAaAAj < •* ^LlaL^ .3-X^- A_4jjL^^uj^ c Lo ^*ol -XaAAj A**a!^ C^LsT^A 



J-X*£2^> JO J^ol*xS\j 4-Ojjli!l OLoVjd^^ L^oO- 

(^obj\il j-W2>5 (^l) jJu^al\ Aj>^X^o cJ>i 



. Aj J^&-\ 




(r) 

b j', A^w-0 jl . j? j^vviCil ^ J^aA^Sl ^°b j', • A^^ 7cil2v2^ | 



. ^objJl Igljufud ObLsJl 4-o^>-j c^ob^/ 4 *Loji]\ jj^o 

C A^LoaII C A»»1»oa 1^ C— . ^■Q.y'3 *J c_— silS jtf J^JuioJl j>lii £^juJo 

J^obco Ob>jiMj 0^b>jJ,l j Olilll ^jP Obojtaco tJ^JuioJl 

.A^U l^- ObojljLOj t l^xo 

tj>J^L4-w^il ^Jplib J^>bu A»^x*L>- (. ^ J^Juio IA.JU1 ^ OU-ojJl Lioo 

^obj\ll Ajj^« ^Llf c^LiJ^A^P^S ^Llf 

X ^Jp c^oljJb H3 It Jilo O^Jju IaJUI ^ OLi-oJiil 

.Task Manager >l$L\ jp .^JaxSl ojiL> 

e3lil < running jukJl :OlA**b JbdS\ O^bU ^Oji 

.not running/pause 

<s£USb ready BjaU c< r Xd\ jo>J&\> new ioLUjJJ oVbU 

.terminated A^p> .running juibsJl a 3 .waiting ojk^/tbjiy 

jlikol jjjIL? ^ Ls’jJj (a^UL? ^UJ^) Ojji- \jlikol OUu>jJl c3bb\ 
^Jp job (3^bJ ojJ»~ 1 <Lpji (3 by£2^2^oio jj^. jjl 3^ 2fl . ) . 

.^y^ul jiixci oLL^ 



C1^9j 1 lSi)j ) j^IaU C-^3j \^*/3“>- As^Jj OU-oJill o3li\ 111 

. jllkol jj)IL) "lyb?" aSU J UjJo (Operation Timer 




\ J Aj^olo 3 j!^o o^iaXxll OULojJI iK 

A3^3^o ‘JIjLsL^’ ^J^JcJUxi A^v^ljpCs^V^ *0^L\ll 






Jo S^Ui l) Ao-L*c« ^3jp oJla'&A 



ci^^W-aLI^ o^LaII 



AjuIxL j>llaj £^*i0o 



OU-ojJ\j OlilUj 



^|o2X_4-wl»l ol^Jsil I^LJbbl <w-^*ib<*o^ ^\ J^j o^L\jl) >li £2J 111 

oLLp AA<J& AolAJsil t AolAJ*Jl c ( A^b^” 



£T)Li^ , 3 ^x 5 Interprocess Comm. JjJ\ oLU*ll 

cA»v-o*-Ooj A^LojJ A*s£^ij\ j»l^l\ ^jJJ < (J^A>eA«-ul\ ^jJj Ol*^i*i\ 

•^"ji ^SUij 

AS^LA^) j£)\j<A J& Al\j^\ C^AAU ll^23CsS OU-OjJl OW^J^ 

^s\j<A .^J\j.M { ( OA^i^Aoli 0-3^^” >3j^0 djLA^Jl]l 



.(Word J j^5 Jjj^» 443 

oLUJl ^liaSj c^UJJ JjIs y> critical resource ^J^\ ^jjU 
."critical section ^J^\ ^ILsll" ^j\jU oIa ^ J^Uxll ^ob jJb 

\^>/ 2 x\ Ls^lx^- a s?j>- (^ 5 ^ oLAojJI jjjo Deadlock aSW- Lio 6 * 

.ObAojJ\ ^jJJ ASIaAi^I ^Jb> JwJuioJl j>lia> Jo>AXa 9 C ( ji 3JU ^j>5 

^c-^o (J^lio b>- ^>- <aLp ^laici Loaxp Starvation ^Sb> Lioo 

.^jjU ^jL*io ^^>-0} ^ac- 

<J$j3o \^yjk> ^ ^jSC ^P“ ^JJ^* \jliio\ <aL^ (J> jg»> 

^olA ^^23 j^St JA-Ao AAAj <Ju^ ^ ^obj\j Ai> ^A-\ Olc-llakll 




jo J^olscdl Cj\^jo 3j^U 

.l^Ljuio s-lx^ ^>-ji>~\ Olc-Haill 4jt\&\jL<i j^o c *(^J^~\ ^ 



•(gr-) 




jS* (t) 



™\j, Jjuio jj~&\ ^ ^ Jju multiprogramming ^\j}\ a^jju 

.‘^\j]\ dijj pistil <Z~3j J&-\j j^lxo ^\jj>eA-~ub 03^1 \ 3 

^plU ^JuSb Jju multiprocessing ii-LU ipjju 
.^-j^s^sL 03-1*11 3Jju 

jl Obj*-l*l\ ^J>C- tAji-Uil Aj3Jju^ AjOJju ^0 0^^* 

•<Jj^\ J* 

.3 ^pob j< 3^3 OOi thread jOa3\ j3u*o 

^ob jJ\ ojj3 jou. ^obj. J^ta multithreading loJ\ oljL^ 
(Jb>oV\ *lij\ ^3^bo\ ^cpc^2» ijbu) 03^ ( jO> (3 ^bJw^’ jl Obl3j oJ£ JutfAj 

.(Word ^obj^j 

cJ^LSl r lii «£U\ :Ob 

^ f* o' cA O' 0-j ^ 2 

: j.lov]lj Ola^iaxll ^o\^, 

y> i\y jSO: hyper-threading ^ jyll ^jui; :^l*U o 
. O-Jjll i_j 0*ai! jL^wj ys j^iSt 

oj^- -OjlXxil SjJC*S (J^jk^; \ I 1 O 

stack ^ ^b\ y \ ~ ^ Lk. J>3 -) - ''' 0 - ' la^ la 1 o 

registers O^U^j 

s^i. j] l) aS 4^0 3^*-*-^ j^jj Re-entrant 3 ^-jJ\ 3Jj&« ^objbl 

.03^11 ^jO> 3 j£\ j>j3- A^^wJo ^5\ 




\j, JwJuioJ j£o multitasking j>l$l\ Apjou 

Ajy^ j?5t Ij^ c ^ jooX) oljL-ix« ji oLL^ 

.'^\j]\ AjOJju 

oULojJl iw-^jojd JlJlJwjJI ^lia> joj^co scheduling ^ju 

Sy&lA-\ oULojJI jllio\ jjjII? 






l) AxflXxli A^Loji]! Aj^j^l 3-X3- — (J) Aj^jj 1 

A»*l£ v-jIaj cc_^JL-uVl cJ^oAxll e3bjCL^ol j( *Jo l^li? 

.'^j\a\\ oULojJI 1^*0 u-ui Oj\ygfll' OULoJill 

^ j^2$^ OULoJtlS J^OAxSl Aj^JjI — lx«j j^ 23^1 >l^U A^L^bs' 
•^SjxLl JoJ^- Aj A** lc- t 

li2^-*-w«o Aj^i^ A^iixxJl 3-X^; — AfllLaL \ 

Oli OU-oJill jyr>cX> A&-\ c uj A^Id v-jlju cA^L^ oU^i 

.^yb^cXll 

^1*1 \ AXoco A^^ j>J .^jQ«g^ — ijLlU ^j0^o^-\ 

.\j*jj3 jliko^l jjjllal Ijbjju ^Uj 



0*J 



^ OLUl C—&X^2J — Cb L^X-4 -uL 1 O^JjtXo jUk»V\ ^"1^3 
V 0 ‘ aUx_<^o jUaxS^ lS l — y i jjlUU ^UaJ\ Ajl»iS-uu\ 

iAiLX*] AX) 1 j J^oAj Aj^JjI ^Xij Ax5j_As>- 

(Jj'il jt;\jUU cjLLp I^Jj ^ Vjl A^Sy jyJjloll oLLp jixxs 

Olj CjIXjJI £y>sX> A^l^ Ujfc 1 jI*j iAj^Sjl 

■ A^atocxU 




o 



— A*wt-u^xil Aj*\JCsI\ ^ \ cp 

Aj^Ij^ ^3^1 jjiliai! \jjb 3 jjWcxLl OU-oJill Alo JiU) <.2J^- 

lloj JwJlJuAS 0 OLsLoJiil As9 jJjSaG < j^St J^*-*£o 0^3 C^-o>- 

.OlAoJill IjJb jjiliail bwOLo 

olA-lxLl aSj-x^ ££2 >[jos 



cl^lo (J^ A^>li> jlikol Ol^-lxoiS ^jO+42^- — a]j 1^1,1 aA-IaH O 

.*\^u J l ^ u ^'* 1 ^ ^iiaj oU*-l*l\ (i>y j^jIL? 



^2^2 ^ \$Jj j^JCO ^IsLO JwJuioJl ^liaJ ^3yg^; — jJP aA-IaU O 

^po^jJ <— -jlA-laLl Jl) 

o^ili < jA’S ^L* ^0 oLUJl Sj£ JjUio :processor affinity ^UU *1#\ H 
^jjAaj S j^>c^il) c As^-Oo ^S\ s^\jj\ cache axuA- 1 s^lJj\ o^LoIac JjLcs 

a*1p ^llsu S ^>^11 l^x> soft affinity ^1S\ aAp 

.hard affinity 



gjjLiil) oLi-ojJl j^ix> S'C—'sP wjj^o l 5 °^* load balancing (Jlp^Vl Ajl^o 

lAsSlxll Jjj^iaSl ^l) c OIAIaU 



jp Sj 5\^\ oLUJl j* ^UU jJ^o. push migration ^a1\ o 

0 IAA 0 IS Asbll^ 

jom lisP JsV\ ^UU pull migration Sj*e$ll> o 

.lisp jS$^f\ olAUU oLLp 



.OIAIa 1\ JSO jlikol jjjIL? 



O 




^1*1 \ 0jJ3 ^olj^ J\ Jjuio M 

>Hai ‘w^s^; Ui <S^iji\ ^ 



I^bdJ c^obj\ll 4 j 3 ^LaS 1 ^li akl jj\^XaJi ^bJj ^r^~y 

^j\^jJ\ + s^ujl) ^ILsJ = Ajjiacd! ^*i5\ oly^ 



.AjjLcdl ^v-i-uxil 




Jli£l © c ^J>cxS\ 4 ^-L^.xo Jliulol 4jubu © 3^lj5l 3jta^f J^-JuioJl j>liaj j»Llf Bi 
A^-LuxO ^ _j^~ ® t»U)L»bojJl ^Jjl) O 

,'0j^^j^S^\ JJP L&J)^1^\ d^b*boJtl^ ^bs£>-\ L^*M> 

IaJU\ OLliaxU ^ JlJlJioJI ^liaj ^l^L\ J^ixxS fsl 



Ijbj^iX) oU-ojJl aS^L« j — Relocstion o 

Jlil ^>Ja]\) A^^\j 3^/\ S^Ujlj s^uS\ 

J^o^- S^lc-\ £> t j^ixxlS Sybli-\ oLXjjtlS A^^wjo 3^1 Jib 

.l^liuio ^J\S\ dijj ^jP ^dlx^- Olc-liakj A^owJo O^ijii Ob^LojJl 



1^2a> ( jj^- Olcliai] (J^?jil ^o oLUjJI — Protection ili-l 
oLLojJI frlill jys W*l\ (j^cj <^ji\ ijj - ^ (3 3 2 * - ^ 



• 3 jj 



Usll 



o 



A^t-3 cIjLsLoji]! — Sharing aSjLjuLI 

jjJ ojsUll) AU^ (Reentrant Jy-j^ :>-ux«) ^=b ijJ\ 
,J-o\jcJI) l^i ^vaU otaLJ! 45jLico L^v^Cj c ( ji2xJ\ l^y?*j olsL 



o 




-up olpllaSJ oj\J\\ : Fixed Partitions a&WI s£Ul\ oIpILs ■ 

J-Juio Ik3j-Xs>- j\iCo 

ImUucO $> y*j^ Aj^L*-w*U iIIjIpIWs O 

\ c ^‘ OlsL^ J^o^- Ac>eU> O Ip Hail \ C-UoxSl 

.Olpliaill 









4iis£ olpliad 









ubjo olcllaa 






4ilc^- OlpliaS]\ {j* ^liaS JSO OLLjlLS jliiol ^jSC; 

>Ui ^(^sp) 1^0 j£i Vw-woVl oli OLi-ojJl j>jJ£ 



4i>eU> S^\jj\ ^j&jXa) olpliakll jSO JojA jlikol 

.(ojwi^al\ OLUaIS OlpliaiSl ^2^2%- 



^>X S^Ull olplLi jv^uS :Variable Partitions Sj^xU o£uS\ oIpIL 5 
CUxiJ I^P Liouj cLolS C^sXflxSl aJ^JLo ^Iju cl^Ljuio -up oLLojJ\ 

.(oU-ojJ\ Olplla3 (S r J^ f ~ 

'^^s>£~u\\ OWLmU l?x*£> 5J\ JlJlJujJI c3l^2) C-UflxS\ ^us 

j\*i\ OWL-uil JWl j^>cXX9 cOjjWuo ^c^2xS 

.OLX>jJl Jojll 4 jl*a> oli (3 




